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I n v e s t i g a t i o n  of t h e  Kinet ics  of  C r v s t a l l i z a t i o n  of 

Molten Binary - and Ternary Oxide Systems -- 

Quar te r ly  S t a t u s  ReDort No. 5 - September 1, 1966 through November 30, 1-96 - 

Contract No, NASW-1301 

SUMMARY 

Terms of t h e  f i r s t  con t r ac t  extension a r e  such a.s t o  a.llow an increased e f f o r t  
i n  t h i s  r e sea rch  area, a s  w e l l  a s  t o  ma,ke p o s s i b l e  s e v e r a l  innova,tions i n  procedures 
c a r r i e d  out  dur ing  t h e  f i f t h  qua r t e r .  A smal l  micro-furnace f o r  d i r e c t  u se  under 
a. microscope was cons t ruc ted  and used t o  s tudy  nuc lea t ion  a.nd c r y s t a l  growth ra.tes.  
An enlarged p la t form furnace usea,ble i n  air a% temperatures  up t o  1800 C wa.s b u i l t  
f o r  f i b e r i z a b i l i t y  research .  Equipment was cons t ruc ted  f o r  t h e  dynamic evaluakion 
of t h e  bulk  modulus of  experimental  g l a s ses .  Previous ly  e s t ab l i shed  r e sea rch  
procedures f o r  t h e  preparakion of new experimental  g l a s ses ,  t h e  measurement of t h e  
v i s c o s i t y  o f  t h e s e  g lasses ,  and t h e  determinat ion of t h e i r  Young's modulus were 
cont inued,  

Capital equipment a v a i l a b l e  t o  t h e  program was supplemented by t h e  UACRL 
purchase of  apparatus  s u i t a b l e  f o r  melting and c a s t i n g  high temperature  g l a s ses  
i n  vacuum or  i n  chosen i n e r t  atmospheres, Del ivery of t h i s  equipment is scheduled 
for  mid-March of t h i s  year ,  

Near t h e  end of t h e  f i f t h  qua r t e r  an  experimental  g l a s s  was devised which had 
e x c e l l e n t  f i b e r i z i n g  c h a r a c t e r i s t i c s  and whose hand-dra.wn f i b e r  samples ga.ve values 
f o r  Young's modulus on eleven occasions ranging from 20 t o  27 m i l l i o n  p s i  w i th  
va.ria. t i  on i n  heak t r e a t m e n t  ~ However: a l i m i t e d  number of subsequent experiments 
p o s s i b l e  wi th  t h i s  g l a s s  before  t h i s  r epor t  had t o  be w r i t t e n  have given only lower 
va lues  of  Young's modulus. It is not known at t h i s  time, t he re fo re ,  whether t h e  
i n i t i a l  h igh  values  a r e  due t o  t h e  p r e c i s e  s t a t e  of ox ida t ion  equi l ibr ium p resen t  
i n  t h e  g l a s s  (which conta ins  a cons t i tuent  t h a t  can e x i s t  i n  s e v e r a l  s t a t e s  of 
ox ida t ion ) ,  o r  t h e  exact  beak trea,tment a.ccumula.ted by t h e  bulk  g l a s s  be fo re  t h e  



f iber  is  pul led.  
and a11 known e r r o r s  would g ive  t o o  low a. value f o r  Young's modulus instea.d o f  t o o  
high with t h e  s i n g l e  exception of pronounced e l l i p t i c i t y  i n  t h e  f iber .  
o r i g i n a l  t es t ,  f i b e r s  were destroyed before  an examination f o r  e l l i p t i c i t y  was 
c a r r i e d  out and s i n c e  none of t h e  subsequent f ibers are e l l i p t i c a l ,  t h i s  hypothesis 
can n e i t h e r  be  r e f u t e d  o r  confirmed as ye t ,  

The methods o f  t e s t i n g  employed have been c r i t i c a . l l y  a.na.lyzed 

Since t h e  

INTRODUCTION 

This i s  t h e  f i f t h  q u a r t e r l y  s takus r epor t  f o r  Contract NASW-1301 e n t i t l e d ,  
" Inves t iga t ion  of  t h e  Kinet ics  of C r y s t a l l i z a t i o n  o f  Molten Binary and Ternary 
Oxide Systems." 
t h e  f i r s t  q u a r t e r  of t h e  expanded contract ,  s t a r t e d  September 1, 1966 and extended 
t o  November 30, 1966. The primary ob jec t ive  o f  t h i s  program i s  t o  ga.in a. b e t t e r  
understa,nding of t h e  e s s e n t i a l s  of g l a s s  formahion by measuring t h e  ra te  at which 
c rys t aL l i za , t i on  occurs and t h e  effects of ant i -nucleahing a.gents on t h e  observed 
c rys t a . l l i za . t i on  rate f o r  systems which tend t o  form complex three  dimensional 
s t r u c t u r e s ,  Determination of  t h e  c r y s t a l l i z a t i o n  ra te  i s  c a r r i e d  out by cont inuously 
measuring t h e  v i s c o s i t y  and e l e c t r i c a l  conduct ivi ty  of t h e  molten system as a 
func t ion  o f  time and temperature with checks o f  s u r f a c e  t e n s i o n  at s e l e c t e d  tem- 
p e r a t u r e s .  I n  t h i s  per iod an important supplementary method f o r  determining t h e  
c r y s t a l l i z a t i o n  r a t e ,  namely d i r e c t  microscopic examination of samples i n  a micro- 
furnace has been introduced and ha.s proven t o  be very he lp fu l .  Glass formation i n  
t h i s  r e s e a r c h  is, t h e r e f o r e ,  regarded a s  a. r a , t e  phenomenon where t h e  p r o b a b i l i t y  
of such g l a s s  formation i s  g r e a t l y  increased by employing cool ing r a t e s  high 
enough t o  de fea t  t h e  formation of  t h e  complex many-atom three-dimensional 
molecule, This view of g l a s s  formation j u s t i f i e s  t h e  cons ide ra t ion  of  oxide 
systems p rev ious ly  thought imprac t i ca l  and allows t h e  sea rch  f o r  systems which may 
y i e l d  h igh  s t r eng th ,  high modulus g l a s s  f ibers t o  be  c a r r i e d  out on an unusual ly  
broad bas i s ,  

This f i f t h  q u a r t e r  of t h e  con t r ac t ,  which i n c i d e n t l y  i s  a l s o  

P repa ra t ion  of Glass Systems for  Prel iminary Examination 

mven+ IwbIIVjr-ULA - 4 -  n a r r  L,bw - 1 n - c  h o C n h n c  UUVb.LIIU ~.lere , ,___ f ~ - m ~ A . a t e ~ ,  m i x e d  a n d  m e l t e d  i n  t h e  f i f t h  
q u a r t e r l y  pe r iod  along with new preparat ions o f  twenty-two o l d e r  g l a s s  formulations 
t o  p rov ide  a d d i t i o n a l  ma te r id  f o r  property evaluat ion.  
p r e p a r a t i o n s  were based on calcia-alumina a s  t h e  g l a s s  formers t o g e t h e r  w i th  
ex tens ive  modif icat ions and add i t ions .  The o t h e r  t h i r t e e n  new g la s ses  were 

Thir teen of  t h e  new g l a s s  
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s i1ica.-alumina " inve r t "  g l a s ses  and s i l i c a . - y t t r i a .  " inve r t "  g l a s s e s  wi th  ex tens ive  
v a r i a t i o n s .  A s  w i l l  be  r e c a l l e d  from seve ra l  of t h e  e a r l i e r  q u a r t e r l y  r e p o r t s  on 
t h i s  con t r ac t ,  t h e s e  " inve r t "  g l a s ses  were developed by S teve l s  (Ref. 1) and may 
conta in  a,s l i t t l e  a.s 34 mol '$ s i l i c a . .  
by a, parameter Y designa-t ing t h e  avera.ge number of br idging  ions  p e r  si04 t e t r a . -  
hedron a.nd c a b d a t e d  from t h e  expression 

The composition of such g l a s s e s  i s  indica.ted 

Y = 6 - - 200 where P = mol '$ Si02 
P 

so tha. t  when P = 33-1/3, Y = 0 and t h e  Si04 groups a.re i s o l a t e d ;  when P = 40$, 
Y = 1 and on t h e  average Si04 groups appear i n  p a i r s .  P rope r t i e s  of t h e s e  g l a s ses  
such as v i s c o s i t y  at a. given temperakure, t h e  v i s c o s i t y  ac t ivak ion  energy, thermal  
expansivi ty ,  e l e c t r i c a l  deformation loss  go through extreme va.lues when t h e  param- 
e t e r  Y passes  through t h e  value of 2.0, There is every reason, t he re fo re ,  t o  
b e l i e v e  that, mechanical p r o p e r t i e s  such a,s Young's modulus w i l l  show a. s imi1a.r 
para.bolic r e l a t i o n s h i p  when p lo t t ed .  a.ga.inst t h e  parameter Y, cl imbing s t e e p l y  a s  
Y decreases  from 2 t o  1 and then  f a l l i n g  off a.gain. 

Procedures f o r  Character iz ing Glass Systems Inves t iga t ed  
and t h e  Results Obtained 

The k i n e t i c s  of  c r y s t a l l i z a t i o n  of t h e  g l a s s  systems invest igaked under t h i s  
c o n t r a c t  a r e  determined from continuous measurement of t h e  e l e c t r i c a l  r e s i s t i v i t y  
and v i s c o s i t y  of  t h e  system and by d i r e c t  microscopic observakion of t h e  
behavior  of t h e  glass ba tch  of var ious tempera,tures us ing  a. r e c e n t l y  cons t ruc ted  
micro-furnace.  These measurements p lus  t h e  measurement of Young's modulus of t h e  
bulk  g l a s s  at room temperature  se rve  t o  he lp  c h a r a c t e r i z e  t h e  system s tud ied ,  
I n  a d d i t i o n  r e c e n t l y  completed equipment is a.va.ilable f o r  measuring shear  modulus 
of t h e  bu lk  g l a s s  s o  t h a t  t o g e t h e r  with t h e  measurement of Young's modulus 
Poisson 's  r a t i o  can be determined, F ina l ly ,  chara ,c te r iza , t ion  of t h e  molten oxide 
system i s  completed by determinat ion of t h e i r  g l a s s  forming and f i b e r i z a k i o n  
q u a l i t i e s  and by measurement of Young's modulus and ul t imake t e n s i l e  s t r e n g t h  
on t h e  hand-drawn f i b e r s  produced i n  t h e  f i b e r i z a t i o n  research .  

Many of t h e s e  procedures have been descr ibed i n  d e t a i l  i n  our prevtous 
q u a r t e r l y  and summary r e p o r t s  I n  t h i s  q u a r t e r l y  r epor t ,  t he re fo re ,  empha.sis i s  

of  measuring shear  modulus, and t h e  s p e c i a l  furnace constructed f o r  f i b e r i z a t i o n  
r e sea rch .  

-,Lazed c2 t h e  eq.A;=,mer;t use:! for s p t i c 2 , l  st -dies  nf  cryst~-7l izP; t fon,  the method. 
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Micro-Furnace f o r  Op t i ca l  Studies  of 

The UACRL micro-furnace design owes 

t h e  Kine t i c s  of Crys t a l l i za . t i on  

much t o  t h e  e a r l i e r  furnace constructed 
by Morley (Ref, 2) f o r  e x a c t l y  t h e  same type  research, namely, t h e  s tudy  of 
c r y s t a l l i z a t i o n  k i n e t i c s  i n  molten g l a s s ,  The micro-furnace c o n s i s t s  e s s e n t i a l l y  
of a. platinum-lO% rhodium tube, 0.250 i n ,  O.D. and with a. wall th i ckness  of 3 m i l s ,  
which is  damped between t h e  two copper bars (0.125 i n .  x 0.500 i n , ) .  
s h e l f  of platinum i s  welded t o  t h e  i n s i d e  of  t h e  tube, and t h e  c r u c i b l e  i s  placed 
i n  a 0,128 i n .  ho le  i n  t h i s  s h e l f .  
t ub ing  (0.125 in.  d i a  with 5 m i l  wall th i ckness )  i n t o  p i eces  0.065 in .  l ong  a,nd 
then  p r e s s i n g  them i n  a d i e  s o  t h a t  t hey  form a. 40 degree included angle.  

A c i r c u l a r  

Crucibles are fa.bricated by c u t t i n g  plakinum 

Figure 1 shows t h e  micro-furnace without ra.dia.tion s h i e l d i n g .  Subsequently 
r a d i a t i o n  s h i e l d i n g  was found necessary and was added by welding two r i n g s  of  
0.057 i n .  Kathal wire t o  t h e  nichrome p l a t e s  at t h e  two ends of  t h e  h e a t e r  t ube ,  
An inne r  s h i e l d  of  4 m i l  platinum-rhodium s h e e t  and a.n o u t e r  s h i e l d  of  5 m i l  
nichrome s h e e t  were welded t o  t h e  inne r  nichrome wire  r i n g  thak i s  on t h e  lower 
nichrome p l a t e ,  
wire  r i n g  on t h e  upper c i r c u l a r  nichrome p l a t e .  

Two 5 m i l  nichrome s h i e l d s  were welded t o  t h e  o u t e r  nichrome 

Figure 1 a l s o  shows t h e  1/8 i n ,  diameter copper tub ing  which i s  used t o  
supply waker-cooling t o  t h e  copper e l e c t r i c a l  connectors.  
furnace comes from a f i lament  transformer o f  0.975 KVA c a p a c i t y  and a 20 ampere 
Va.ria.c. 
(60 cyc le  a,- c )  has proven adequate. 

The power suppl ied t h e  

To a t ta in  a temperature of 1400 C a cu r ren t  of  140 amperes a.t 1.1 v o l t s  

The e n t i r e  experimental arrangement wi th  t h e  exception of  t h e  power supply 
is  shown i n  Fig. 2. It comprises t h e  micro-furnace, microscope and camera., 
micro-ma,nipula,tor used t o  weld a.nd p o s i t i o n  t h e  thermocouple, t h e  x-y recorder  
used f o r  p l o t t i n g  time-tempera.ture response o f  t h e  furnace, and t h e  3 m i l  platinum- 
platinum 10% rhodium thermocouple c a r e f u l l y  pos i t i oned  i n  t h e  c e n t e r  of  t h e  furnace,  
Experience has shown tha.t  t h e  furnace temperature can be maintained t o  wi th in  
- + 4 c a t  1250 C. 

I n  a c t u a l  use, t h e  c r u c i b l e  i s  i n s e r t e d  i n t o  t h e  furnace, a. l a r g e  fragment of 
g l a s s  i s  placed i n  t h e  c r u c i b l e  and t h e  c r u c i b l e  t h e n  hea,ted. Smaller g l a s s  
fragments a,re l a t e r  added t o  completely f i l l  t h e  c r u c i b l e .  The g l a s s  i s  then  
_- h-t.ed. - -. . u n t i l  ell nf the hiihhles disa.Fpear and then  cooled t o  t h e  temperature 
s e l e c t e d  f o r  c r y s t a l  growth observation. The thermocouple i s  then  lowered i n t o  
t h e  melt and photographs a.re taken of t h e  c r y s t a l s  growing on t h e  thermocouple a.t 
s e l e c t e d  t ime i n t e r v a l s .  
it i n  t h e  melt and then  withdrawing it t o  a. coo le r  p a r t  of  t h e  furnace,  A s t e p  
t h a t  ma.y o r  may not be necessary depending on t h e  composition of  t h e  g l a s s  under 

Seed crys ta . l s  can be grown on t h e  thermocouple by p l ac ing  
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i n v e s t i g a t i o n .  
p i c t u r e s  are r e a d i l y  obtainable .  
graphs can rea.di ly  be obta,ined by ca.l ibra.t ing t h e  o p t i c a l  system employed, 

High-speed f i l m  i s  used (Polaroid-ASA 3000) and good q u a l i t y  
The a c t u a l  s izes  of  t h e  c rys t a . l s  i n  t h e  photo- 

Kinet ics  of C r y s t a l l i z a t i o n  Studied by Vi scos i ty  and E l e c t r i c a l  R e s i s t i v i t y  

Procedures 

No changes have been made i n  e i t h e r  o f  t h e s e  methods during t h e  f i f t h  pe r iod .  
A t  t h e  t ime of  compilation of  t h i s  r epor t  viscosi ty- temperature  curves ha.ve been 
obtained f o r  g l a s s  ba.tches 1, 24, 25, 29, 30, 31, 32, 41, 43, 45, 46, 48, 49, 50, 
52, 63-2, 64, 65 66, 68, 69, 71, 72, 73 and 75. This r ep resen t s  an i n c r e a s e  from 
16 t o  25 i n  t h i s  per iod.  

Sonic Determination o f  Young's Modulus for Bulk Glasses 

The equipment descr ibed i n  t h e  fou r th  q u a r t e r l y  r e p o r t  (Ref. 3) has been 
used t o  measure t h e  dynamic Young's modulus f o r  seven a.dditiona.1 g l a s s  bahches 
The values measured ranged from 10.2 mil l ion  p s i  t o  16.5 m i l l i o n  p s i .  

Shear Modulus o f  Bulk Glass Samples Determined by Sonic Measurements 

The b a s i s  of  t h e  experimental  program on t h e  k i n e t i c s  of c r y s t a l l i z a . t i o n  of 
molten b i n a r y  and t e r n a r y  oxides has been t h e  assembling of t h e s e  oxides i n  such 
p ropor t ions  t h a t  i f  t h e y  were allowed t o  c r y s t a l l i z e ,  t h e y  would y i e l d  complex 
three-dimensional  r i n g  s t r u c t u r e s  a It is poss ib l e ,  t he re fo re ,  t h a t  t h e  g l a s s e s  
formed from such melts may show anisotropy. 
Young's modulus and t h e  shea r  modulus of t h e  bu lk  g l a s s e s  is t o  determine Poisson's 
r a t i o  and, consequently, any aktendant evidence of  anisotropy.  

The purpose of measuring both 

To measure t h e  shea r  modulus of t h e  bu lk  glass ,  small p i e z o e l e c t r i c  c r y s t a l s  
are  bonded t o  each end o f  t h e  specimen under t e s t .  One of t h e  c r y s t a l s  i s  then  
s e l e c t e d  a s  t h e  t r a n s m i t t e r  and dr iven with a s h o r t  b u r s t  of  radio-frequency 
e l e c t r i c a l  energy. 
t h e  second p i e z o e l e c t r i c  c r y s t a l  bonded t o  t h e  far end of t h e  speci_menv 
r e c e i v i n g  c r y s t a l  which is  identica.1 t o  t h e  t r a n s m i t t i n g  c r y s t a l  is mechanically 
e x c i t e d  by t h e  compressional waves t r a v e l i n g  down t h e  g l a s s  bar. The t ime de lay  
between t h e  t r a n s m i t t e d  and received pulse  i s  then  measured on a due l  beam 
o s c i l l o s c o p e  and/or an E-put meter. The v e l o c i t y  of t h i s  sound wave and t h e  
r e s u l t i n g  va lue  for t h e  shea r  modulus of t h e  specimen are then  c a l c u l a t e d ,  

The p u l s e  i s  t r ansmi t t ed  through t h e  specimen and received by 
This 
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I n  t h i s  period, t h e  new c i r c u i t r y  has been t e s t e d  on sta.nda.rd g l a s s e s  such 

a.s f ised s i l i c a .  and ha.s given sa , t i s fa ,c tory  values f o r  Poisson 's  r a t i o .  I n  t h e  
s i x t h  q u a r t e r  it w i l l  be used t o  invest igake t h e  an i so t ropy  of  t h e  experimental  
g l a s s  e s  

Evaluation of Glass Forming C h a r a c t e r i s t i c s  and F i b e r i z a k i l i t y  

Oxide materials p rev ious ly  melted i n  t h e  s tandard k i l n s  us ing  t h e  procedures 
descr ibed e a . r l i e r  i n  t h i s  r e p o r t  f u r n i s h  t h e  s t a . r t i n g  m a t e r i a l s  used i n  t h i s  phase 
of our research.  From t h e  previous f i r i n g  i n  t h e  k i l n  t h e y  have emerged e i t h e r  a s  
f u l l y  melted glasses ,  g l a s s  and c r y s t a l l i n e  massesg or ma.terials t h a t  a.ppea.r s i m i l a r  
t o  c l i n k e r s  or cinders .  One chooses a, s u f f i c i e n t  amount of  t h i s  m a t e r i a l  t o  f i l l  a. 
1 5  m i l l i t e r  platinum c r u c i b l e .  
mately 10 mesh s i z e  and placed i n  t h e  platinum c r u c i b l e ,  
t hen  ta.kes t h e  p l a c e  of  t h e  l a r g e  a.lumina. c r u c i b l e  p i c t u r e d  (Figure 3) on t h e  motor- 
dr iven platform of  t h e  Super-Kanthal ha i rp in  furnace (Figure 3) 
platform i s  then  raised r a p i d l y  u n t i l  t h e  c r u c i b l e  i s  i n  t h e  c e n t e r  of  t h e  furnace, 
which ha.s p rev ious ly  been hea.ted t o  t h e  des i r ed  tempera.ture. The c r u c i b l e  i s  t h e n  
kept a.t t h e  des i r ed  temperature f o r  a time varying from one-half  hour t o  two 
hours dependent on t h e  p a r t i c u l a r  g l a s s  under inves t igak ion  and is  then  lowered as 
r a p i d l y  a s  poss ib l e .  A s  soon a s  t h e  c ruc ib l e  becomes access ib l e ,  one man picks it 
up i n  tongs and a second man dips  a. twenty m i l  plakinum wire i n t o  t h e  molten g l a s s  
and runs a.way from t h e  c r u c i b l e  a s  ra.pidly a.s poss ib l e .  
it is  p o s s i b l e  t o  ha.nd draw a. glass f i b e r  2 t o  5 m i l s  i n  diameter a.nd t h i r t y  t o  
f o r t y  f e e t  long. The plakinum wire is, of course, mounted i n  a. g l a s s  t ub ing  
handle. 
t h e  gla.ss forming c h a r a c t e r i s t i c s  and f i b e r i z a . b i l i t y  o f  t h e  var ious g l a s s  ba.tches 
a.t a v a r i e t y  of temperatures.  The Super-Ka.ntha.1 k i l n  us ing  experimental  types 
Super-Kanthal h a i r p i n  elements rea.di ly  obtains  a. t e m p e r a h r e  of 1800 C i n  a i r .  

The makeria.1 i s  then  crushed or ground t o  a.pproxi- 
The platinum c r u c i b l e  

The furnace 

Usua.lly i n  t h i s  manner, 

I n  t h i s  simple fa.shion, it i s  r e a d i l y  p o s s i b l e  t o  o b t a i n  crude ideas  of 

Young's Modulus Mea,surements on Ha.nd-Dra.wn Glass Fibers 

I n  s tudy ing  t h e  p r o p e r t i e s  of t h e  research g l a s s e s  i n  f i b e r  form t h e  most 
important s i n g l e  parameter i s  proba.bly Young's modulus of e l a . s t i c i t y .  I n  
Figure 4 t h e  apparatus used f o r  t h e  measurement of t h e  t e n s i l e  modulus of  t h e  
experimental  hand-dra.wn g l a s s  fibers i s  shown. An x-y p l o t t e r  records load  versus  
cr0sshea.d movement s o  t h a t  t/i.th t h e  ca l ib rak ion  o f  t h e  load  c e l l  esta,blished, t h e  
c o r r e c t i o n s  i n  t h e  output of  t h e  l i nea r  va.ria.ble d i f f e r e n t i a l  t ransformer known 
(LVDT), and t h e  p e r t i n e n t  p h y s i c a l  dimensions of  l e n g t h  and diameter measured; it. 
is  p o s s i b l e  t o  read stress, s t r a i n ,  and Young's modulus a.s t h e  s lope  from t h e  
r eco rde r  t r a c i n g .  The device f o r  s t r a i n i n g  t h e  g l a s s  f i be r  i s  shown sepa ra t , e ly  
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i n  Fig. 5 where A i s  t h e  load ing  jaw f o r  t h e  fiber, B i s  a s t r a i n  gage f o r  d e t e r -  
mining loads on t h e  fiber,  and C i s  t h e  l i n e a r  v a r i a b l e  d i f f e r e n t i a l  transformer,  
t h e  motion of  whose core ca.uses t h e  e l e c t r i c a l  s i g n a l  measuring t h e  s t r a i n ,  D i s  
t h e  micrometer f o r  c o r r e l a t i n g  t h e  motion o f  t h e  t ransformer core  with e l e c t r i c a . 1  
output, and E i s  t h e  constant  speed loading motor for a.pplying t h e  s t r a . i n .  S i x  
inch gage l eng ths  o r  grea.ter a r e  used f o r  a l l  t es t s .  

The d a t a  obtained f o r  t h e  experimental g l a s s  AB is  shown i n  Fig. 6. Here t h e  
sa.lnes sf Y S ’ L C ~ ~ G  z.odnluz rs.r,ge f rnm 2Q r? .FlLicn p s i  t m  27 million p s i  a s  g l o t t e d  
a g a i n s t  f iber  diameter i n  m i l s  (thousandths of  an inch ) .  
modulus i s  not a s i z e  e f f e c t ,  however, but i s  actua. l ly  a. v a r i a t i o n  with e f f e c t i v e  
heat  t reatment  s i n c e  t h e  smaller diameter f i b e r s  cool  more r a p i d l y  a s  has been 
convincingly demonstraked e a r l i e r  research (Ref e 4). The values used f o r  t h i s  
gra.ph were a.11 obtained from a given batch of g l a s s  AB which had i n i t i a . l l y  been 
prepared a.t 1500 C and then  b r i e f l y  held a.t 1620 C be fo re  t h e  f i b e r  was hand- 
dra.wn from t h e  batch.  
f o r  l onge r  per iods inva.ria.bly ga.ve much lower modulus values ranging from 16,5 m i l l i o n  
p s i  t o  12.2 m i l l i o n  p s i .  Since t h i s  p a r t i c u l a r  g l a s s  contains  a c o n s t i t u e n t  whose 
s t a k e  of  oxidakion cam be  var iable ,  it i s  f e l t  a t  t h i s  t ime t h a t  t h i s  decrease i n  
Young’s modulus i s  due t o  a, change i n  t h e  ox ida t ion  equi l ibr ium p resen t  i n  t h e  g l a s s .  
All known e r r o r s  i n  modulus determina,tion y i e l d  low values not high with t h e  s i n g l e  
p o s s i b i l i t y  of pronounced e l l i p t i c i t y  i n  t h e  f i b e r  and t h i s  w i l l  be investiga.ted a s  
soon as a. new g l a s s  ba.tch can be prepared and measured s i n c e  no g l a s s  f ibers remain 
from t h e  o r i g i n a l  l o t .  

This var iakion i n  t h e  

Subsequent experiments where t h e  ba t ch  was held a.t 1620 C 
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